Methanolic extracts of Chuquiraga straminea Sandwith, subfamily Barnadesioideae (Asteraceae) showed the presence of quercetin-3-Oglucoside, quercetin-3-O-rutinoside, kaempferol, kaempferol-3-O-glucoside and kaempferol-3-O-rutinoside. Antioxidant and antimicrobial activity was determined. The total extracts showed antioxidant activity by DPPH and ABTS method (SC 50 14.5 to 34.9 µg/mL). A significantly positive correlation was observed between the antioxidant activity and the total phenolics (R2>0.93). The extracts were active against ten methicillin resistant and sensitive Staphylococcus aureus strains isolated from nosocomial infection (MIC values between 200 to 800 μg/mL). These preliminary studies are highly interesting as they open new ways for further applications in the treatment of infections by methicillin resistant S. aureus.
From an estimated 250,000 higher plants in the world only 5-15% have been studied for a potential therapeutic value. The Argentinian flora offers great possibilities for the discovery of new compounds with medicinal uses. The genus Chuquiraga is represented in Argentina by 15 species distributed in arid regions between the Andes and Patagonia. Previous reports indicated that the flavonoids identified in the species of Chuquiraga genus are identical, so the compounds are useful as phylogenetic micromolecular markers in the genus [1] . Chuquiraga straminea is a medium xerophytic shrub. Its distribution is in southern Argentina, from northwestern Chubut province to eastern Neuquen province. It inhabits in Patagonian phytogeographic province between 600 and 1000 meters above sea level (masl). This species has been employed as traditional medicine by native people, either as building and crafts material and forage [2] .
It is reported that phenolic compounds from herbs are active against many human pathogenic bacteria and fungi and have antioxidant activity [3] [4] [5] . Recently, there has been considerable interest in the use of such antioxidants and antimicrobial compounds from natural sources, not only in pharmaceutical industry but also for the preservation of foods and improving the shelf life of food products, for increasing the stability of fats and oils and to control the plant diseases of microbial origin. Staphylococcus aureus is a common pathogen associated with serious community and hospital acquired diseases and has long been considered a major problem of Public Health. The aim of this study was to investigate antioxidant and antimicrobial activities of C. straminea extracts obtained from aerial parts and flowers.
Extracts were analyzed for their contents of phenolic compounds (total phenols, flavonoids). A relationship between antimicrobial activity, antioxidant activities and the content of phenolic compounds was evaluated.
The content of total phenols and flavonoids of flower and aerial parts extracts from C. straminea are given in Table  1 . The amount of total phenolic compounds extracted ranged from 1.56 to 2.74 mg gallic acid equivalent (GAE)/mL extract. The C. straminea aerial parts extracts contained the highest amounts of phenolic compounds. glycosides are comparable with those previously isolated, by us from other argentine species belonging to Chuquiraga genus, [1, 6] .
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Antioxidant activity: Free radical species play a critical role in cardiovascular and inflammatory diseases as well as in neurodegenerative disorders, cancer and aging. The C. straminea extracts were effective as ABTS [2,2`-azinobis (3-ethylbenzothiazoline-6 sulfonic acid) diammonium salt] and DPPH (2,2-diphenyl-1-picrylhydrazyl) radicalscavengers. The results obtained are represented in Figure  1 (SC 50 values denote the sample concentration required to scavenge 50% ABTS or DPPH free radicals). Aerial parts extracts were the most effective radical-scavengers with SC 50 of 18.0±0.7 and 14.5±0.79 µg GAE/mL for DPPH and ABTS respectively, flowers extracts result also active with SC 50 of 34.5±1.2 and 31.0±1.1 µg GAE/mL for DPPH and ABTS radicals, respectively.
A significantly positive correlation was observed between the antioxidant potential determined by ABTS and DPPH assays, and the total phenolics (R2>0.93).Contact autography, indicated that more than one compounds with antioxidant activity in all crude extracts. The flavonoids could be the more active metabolites in this plant specie.
Antimicrobial activity:
The antibiotic resistant clinical S. aureus strains assayed in this work were isolated from human infections from a local hospital.
By means of bioautographic assay was qualitatively demonstrated that several phenolic compounds in the methanolic extracts were active against methicillin resistant and sensitive S. aureus strains. Table 2 show the antimicrobial activity of C. straminea methanolic extracts against ten S. aureus antibiotic resistant and sensitive strains.
The two methanolic extracts of C. straminea were active against all methicillin resistant and sensitive S. aureus strains (MRSA and MSSA, respectively) and the observed differences between minimal inhibitory concentration (MIC) values with respect to the control strain were not significant. Similar behavior was observed for methicillin sensitive and resistant Staphylococcus coagulase negative (MSSCN and MRCN, respectively). All nosocomial strains were sensitive to extracts and vancomycin, a glycopeptidic antibiotic. In most cases the extracts showed bactericidal effect.
The reported data in the present work for S. aureus was similar to those obtained for other Chuquiraga species that grow in arid regions of Argentine [5] .
Up to the present, there are limited reports about the bioactivities of C. straminea. The ethnobotanical data indicated that this species was used by mapuches and tehuelches as the main therapeutic tool in traditional Bioactivity of Chuquiraga straminea Natural Product Communications Vol. 6 (7) 2011 967 medicine as antiinflammatory and antiseptic on skin infection [2] . According with our results the C. straminea extracts could serve as good candidates for the development of new antimicrobial and antioxidant agents and/or standardized phytomedicines.
Experimental
Plant material: The plant was collected in the province of Neuquén, Department Collan Cura. Grow in patches on the slope of Piñon Cerrito, on rocky ground. A voucher specimens is deposited at the Fundación Miguel Lillo Herbarium (LIL 605812).
Preparation of plant extracts:
The aerial parts (flowers and leaves) of C. straminea were dried and extracted with methanol 80%. The solvent was evaporated at reduced pressure and then, resuspended in DMSO (dimethylsulfoxide) for avoid the extraction solvent interference in the biological screening.
Determination of total phenolics compounds (TPC) and flavonoids:
TPC was determined using the Folin-Ciocalteau method [7] and gallic acid was used as standard. The results were expressed as mg GAE/mL extract. Flavonoid content was determined according to Woisky and Salatino [8] and quercetin was used as standard. The results were expressed as mg QE/mL extract.
Compounds identification:
The extracts were chromatographed bidimensionally according to Mabry [9] using TBA (tert-butanol-acetic acid-water 3:1:1) and 15% AcOH as development solvents. Eluted spots were analyzed by paper and thin layer chromatography in different solvent systems. The plates were observed under ultraviolet light, in the absence and presence of ammonia and natural product reagent. Spectral data with shift reagents, NaOMe (sodium methoxide), AlCl 3 (aluminum trichloride), HCl (hydrochloric acid), NaOAc (sodium acetate), H 3 BO 3 (boric acid) were used.
Free radical scavenging activity
The DPPH method: The reduction capability of extracts was measured by DPPH method according to Zampini et al [10] . DPPH solution (1.5 mL of 300 μM in 96% ethanol) was incubated with the samples (5-50 μg GAE). The reaction mixture was shaken and incubated during 20 min. at room temperature. Then, absorbance was measured at 515 nm.
The percentage (%) of radical scavenging activity (RSA) was calculated using the following equation:
RSA % = [(A 0 -A s )/A 0 ] x 100.
Where A 0 is the absorbance of the control and A s is the absorbance of the samples at 515 nm. SC 50 values denoted the sample concentration required to scavenge 50% DPPH free radicals.
The ABTS method: Antioxidant capacity assay was carried out by the improved ABTS method as described Re [11] . ABTS •+ radical cation was generated by reacting 7 mM ABTS and 2.45 mM potassium persulfate after incubation at room temperature (23 ºC) in the dark for 16 h. ABTS •+ solution (1mL; absorbance of 0.7 ± 0.02 at 734 nm) was added to 5-50 μg GAE of each tested sample and mixed thoroughly. The reactive mixture was allowed to stand at room temperature and the absorbance was recorded at 734 nm, 1 min. after initial mixing and up to 6 min. Results were expressed in terms of percentage (%) of radical scavenging activity (RSA) at 6 minute and SC 50 values denoted the sample concentration required to scavenge 50% ABTS free radicals.
Autographic assay: For rapid visualization of antiradical activity, 5 μg of extracts were applied on silica gel 60 F254 TLC plates. Mixtures of chloroform-ethyl acetate (80:20; v/v) was used as mobile phase. Then, the plates were dried overnight and covered with 3 mL of soft medium (agar 0.9%) containing 1mL ABTS •+ (7 mM ABTS and 2.45 mM potassium persulfate) or DPPH (1mg/mL). Plates were incubated at room temperature during 1 minute in the dark. Active samples appeared as light spots against a green-blue or purple background for ABTS or DPPH assay, respectively [12] .
Microorganism: The microorganisms used in this study consisted of ten Staphylococcus aureus strains recovered from clinical samples obtained from the Hospital Nicolás Avellaneda, San Miguel de Tucumán, Tucumán, Argentina: methicillin resistant S. aureus (MRSA) (n=3), methicillin sensitive S. aureus (MSSA) (n=3), methicillin resistant S. coagulase negative (MRSCN) (n=2) and methicillin sensitive S. coagulase negative (MSSCN) (n=2). A reference strain was included in the study: S. aureus ATCC 29213.
Antimicrobial activity
Bioautographic assays: Extracts (25 μg) were seeded on TLC plates and the components were separated using chloroform-ethyl acetate (80:20; v/v) as development solvents. Then, the plates were dried overnight in a sterile room and were covered with 3 mL of soft medium (BHI with 0.6% agar) containing 1 x 10 5 colony forming units (CFU) of S. aureus (F7) incubated at 35C for 20 h. Next, the plates were sprayed with a 2.5 mg/mL MTT solution (3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium) in PBS (10 mM sodium phosphate buffer, pH 7, with 0.15 M NaCl) to determine cellular viability. Plates were incubated at 35C for 1h in the dark for color development [13] .
Broth microdilution susceptibility assay: This assay was performed in sterile 96-well microplates. The extracts were transferred to each microplate well in order to obtain twofold serial dilutions of the original extract (25 to 800 µg/mL). The inoculum (100 µL) containing 5×10 5 CFU was added to each well. A number of wells were reserved in each plate for sterility control (no inocula added), inocula viability (no extract added), and solvent effect (DMSO) [14] .
Plates were aerobically incubated at 35°C. After incubation for 16-20 h, bacterial growth was indicated by the presence of turbidity and a pellet on the well bottom. A cytotoxicity assay was also carried out. After the broth microdilution susceptibility assay, 20 L of methylthiazolyltetrazolium chloride solution (MTT) (12 mg/mL in PBS) was added to the wells and incubated for 1 h. Cellular viability was determined by absorbance at 550 nm.
MIC was defined as the lowest concentration of extract that had restricted growth to a level <0.05 at 550nm (no macroscopically visible growth).
To confirm MIC and to establish MBC, 10 µL of each culture medium was removed from each well with no visible growth and inoculated in Müller Hinton Agar plates. After 16-20 h of aerobic incubation at 35°C, the number of surviving organisms was determined.
MBC was defined as the lowest extract concentration at which 99.9% of the bacteria have been killed.
MIC values were also determined for different commercial antibiotics. Resistance was defined for each case: methicillin (Met, MIC > 16 μg/mL), oxacillin (Oxa, MIC > 16 μg/mL), gentamycin (Gen, MIC > 100 μg/mL) and vancomycin (Van, MIC > 6 μg/mL) for S aureus strains. All experiments were carried out in triplicate.
Statistical analysis:
Data are represented as mean ± standard deviation. The statistical tests were carried out by analysis of variance (one-way ANOVA) and the post-test of Turkey, using a probability level of less than 5% (p < 0.05).
